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Assay for inhibitors of ispH 



For a period of several decades, the mevalonate pathway has been considered as the unique 
source for the universal terpene precursors, isopentenyl diphosphate (IPP; 7) and dimethyiallyl 
diphosphate (DMAPP; 8) (Fig. 1). The pioneering studies on this pathway by Bloch, Comforth, 
Lynen and their coworkers (for review see Refs. 1-4) served as the basis for the development 
of cholesterol biosynthesis inhibitors which have a central role in the prevention and treatment 
of cardiovascular disease. 

Only about a decade ago, independent work by Arigoni, Rohmer and their respective 
coworkers proved the existence of a second isoprenoid pathway which is operative in many 
eubacteria and in the plastid compartment of higher plants (for review see Refs. 5-7). 
Subsequent studies demonstrated that Dxs protein catalyzes the condensation of pyruvate (1) 
with D-glyceraldehyde 3-phosphate (2) affording 1 -deoxy-D-xylulose 5-phosphate (3) (8, 9) 
which is transformed into 2Cmethyl-D-erythritol 4-phosphate (4) by a skeletal rearrangement 
and reduction catalyzed by the IspC protein (Fig. 1) (10). This polyol phosphate is then 
converted into 2C-methyl-D-erythritol 2,4-cyclodiphosphate (5) by the consecutive action of the 
IspD, IspE and IspF proteins (1 1-13; for review see Ref. 14). 

A recombinant Escherichia coli strain engineered for expression of the xylB and ispCDEF 
genes was shown to transform exogenous 13 C-labeled 1 -deoxy-D-xylulose to the endogenous 
cyclic diphosphate 5 in high yield (15). The additional operation of a recombinant ispG gene 
resulted in the in vivo formation of 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate (6) (15) 
which was also isolated from an /spH-deficient E. coli mutant (16). Subsequently, the in vitro 
formation of 6 from 5 by crude cell extracts of E. coli overexpressing ispG was confirmed by 
radiochemical methods (1 7). 6 was shown by in vivo as well in vitro experiments to serve as the 
biosynthetic precursor of IPP (7) and DMAPP (8) which were obtained in a ratio of 6:1 by the 
catalytic action of the IspH protein (18, 19). 

For numerous pathogenic eubacteria as well as for the malaria parasite P. falciparum,, the 
enzymes involved in the non-mevalonate pathway are essential. The intermediates of the 
mevalonate-independent pathway cannot be assimilated from the environment by pathogenic 
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eubacteria and P. falciparum. The enzymes of the alternative isoprenoid pathway do not occur 
in mammalia which synthesize their isoprenoids and terpenoids exclusively via the mevalonate 
pathway. Moreover, the idiosyncratic nature of the reactions in this pathway reduces the risk of 
cross-inhibitions with other, notably mammalian enzymes. 

Therefore, enzymes of the alternative isoprenoid pathway seem to be specially suited as 
targets for novel agents against pathogenic microorganisms and herbicides. The identification 
of these targets, e.g. genes and cognate enzymes of these pathways is obligatory for this 
purpose. In order to be able to use a target enzyme in an assay for inhibitors, a substrate, any 
co-proteins, co-factors or co-substrates of that enzyme have to be known. Up to now, the IspH 
enzyme could not be used for screening for inhibitors of the enzymatic conversion of 1 -hydroxy- 
2-methyl-(E)-butenyl 4-diphosphate into isopentenyl diphosphate and/or dimethylallyl 
diphosphate, since the co-substrate capable of providing this enzyme with the necessary 
reducing equivalents for said conversion have remained unknown. 

It is therefore the problem of this invention to provide an assay for efficiently screening samples 
for the presence or absence of inhibition of the enzymatic conversion of 1-hydroxy-2-methyl- 
(E)-butenyl 4-diphosphate into isopentenyl diphosphate and/or dimethylallyl diphosphate. 
This problem is solved by the assay of claim 1 and 2. Preferred embodiments are defined in the 
subclaims. 

The present invention is based on the surprising finding of reducing agents (notably flavodoxin) 
that act efficiently as electron shuttle to provide the 1-hydroxy-2-methyl-(E)-butenyl 4- 
diphosphate reductase (e.g. IspH) with the electrons necessary for the enzymatic conversion 
of 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate into isopentenyl diphosphate and/or 
dimethylallyl diphosphate. In step (a) of the assay of the invention, the assay mixture may 
therefore contain a flavodoxin or a function-conservative variant thereof. Flavodoxin reductase 
or a function-conservative variant thereof may be used to reduce and recycle flavodoxin. 
NAD(P)H may be used as a reservoir for reducing equivalents due to its capability to act as 
reducing substrate of flavodoxin reductase. 

As the 1 -hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase the IspH enzyme or a function- 
conservative variant thereof is preferably used. The gene of the IspH enzyme used in the assay 
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of the invention may be derived from any organism having the non-mevalonate isoprenoid 
pathway, like plants, eubacteria or Plasmodium. An example of a source of the ispH gene is E. 
coll. Sequence information and information on cloning and expressing ispH is known from 
WO02/83720. Variants (e.g. mutants, truncated forms, or genes effusion proteins comprising 
the IspH enzyme) may be used provided said variations do not abolish the enzymatic activity 
of the IspH enzyme for said enzymatic conversion. The IspH enzyme may be produced by 
recombinant expression of the IspH gene in a suitable host according to general methods of 
molecular biology. A preferred host is E. coli. Preferably, the expressed IspH enzyme is 
purified. For this purpose, IspH is preferably expressed as a fusion protein with a tag allowing 
purification of the fusion protein by affinity chromatography. Examples of such tags are 
glutathion reductase, maltose binding protein, or a 6xHis-tag. A fusion of the IspH enzyme with 
maltose binding protein proved to be advantageous in terms of ease of purification and in terms 
of preserving the IspH enzyme in an active state. However, fusions with other tags allowing 
easy purification may also be used provided these other tags do not interfere with the assay of 
the invention. Most preferably, the IspH enzyme is produced and purified as described in 
Examples 1 to 3. It is preferred to use an IspH enzyme from an organism related to the target 
organism of a prospective inhibitor (i.e. from an organism to be combatted with an antibiotic 
containing the inhibitor identified according to the invention). 

Said reducing agent may be any reductant capable of providing 1-hydroxy-2-methyl-(E)-butenyl 
4-diphosphate reductase with the reducing equivalents required for said enzymatic conversion. 
Said reducing agent may be a small-molecular compound (e.g. a viologen like methylviologen 
or a deazaflavin derivative like 1 0-methyl-5-deaza-isoalloxazine plus light) or a polymeric 
compound like a protein, notably a redox protein. Preferably, a redox protein is used as said 
reducing agent. Examples of such redox proteins are flavodoxin, ferredoxin, glutharedoxin, or 
thioredoxin. The most preferred reducing agent is flavodoxin. Naturally, said redox protein has 
to be provided in its reduced form. A redox protein (in its reduced form) may be used in 
amounts sufficient to support multiple turnover cycles of said 1 -hydroxy-2-methyl-(E)-butenyl 4- 
diphosphate reductase. Alternatively, said redox protein may be used in comparable molar 
amounts as said 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase. In this latter case, 
however, a system capable of recycling the reduced form of said redox protein is preferably 
employed. An important example of such a recycling system is flavodoxin reductase/NAD(P)H 
which is most preferably used together with flavodoxin as said reducing agent. 
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Flavodoxin may be produced as described in Examples 4 and 6. Alternatively, it may be 
obtained from a commercial source. Preferably, one uses flavodoxin from an organism related 
to the organism from which the 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase is 
derived. Most preferably, flavodoxin and IspH derive from the same organism, e.g both from E. 
coli. Function-conservative variants of flavodoxin may be any mutated or truncated version 
provided it is capable of functioning as electron shuttle between the IspH enzyme and 
flavodoxin reductase. This capability can be determined easily by experiment, e.g. using the 
assay of Example 8 and comparison with the flavodoxin of Example 4. 

Flavodoxin reductase may be produced according to examples 5 and 7 or be obtained 
commercially. Function-conservative variants of flavodoxin reductase may be used similary as 
described for flavodoxin. Flavodoxin and flavodoxin reductase should derive from related or, 
preferably, from the same organism in order to guarantee that said flavodoxin may be reduced 
well by said flavodoxin reductase. 



As NAD(P)H, NADPH or NADH is used both of which are commercially available from 
generally-known sources. NADPH is preferred over NADH, since flavodoxin reductase is more 
active with NADPH than with NADH. Instead of NAD(P)H, NAD(P) + may be used in the assay 
of the invention together with a system capable of reducing NAD(P) + to NAD(P)H. Various 
enzymatic system are known that can reduce NAD(P)* to NAD(P)H. Examples are alcohol 
dehydrogenase, glucose dehydrogenase, and lactate dehydrogenase. 

1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate and various isotopically-labelled forms thereof 
are amenable as described by Hecht et al. (20) and in WO02/83720. 

The assay of the invention is preferably carried out in an aqueous buffer. The pH of the buffer 
should be in a range where the involved enzymes are sufficiently active. Preferably, the pH is 
in the rage between 7 and 9, more preferably between 7 and 8. The temperature of the assay 
may be in the range between 5 and 50°C, preferably between 15 and 40 °C. 37°C is most 
preferred. The assay buffer preferably contains a sulfhydryl reagent like dithiothreitol (DTT) in 
a concentration of e.g 0.5 to 5 mM. The assay of the invention may be carried out under 
aerobic or under anaerobic conditions. Under anaerobic conditions, higher rates of said 
enzymatic conversion may be obtained with IspH. The assay reaction may be started by the 
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addition of any one of the essential compounds given in item (a) of claim 1 or 2. Preferably, the 
reaction is started by the addition of 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate or 1- 
hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase. 

For increasing the activity of the 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase, the 
assay mixtures may further contain small concentrations of a divalent metal ion, notably a 
transition metal ion, like Ni 2+ , Co 2 *, Mn 2+ , Fe 2+ , Cu 2+ , or Zn 2+ . Co 2+ is preferred. Said 
concentration may be between 0.1 to 5 mM, preferably 0.5 to 2 mM. 

In the screening assay of the invention, the enzymatic conversion of 1-hydroxy-2-methyl-(E)- 
buteny! 4-diphosphate to isopentenyl diphosphate and/or dimethylallyl diphosphate is followed 
in the absence and in the presence of a sample to be tested for inhibition of said enzymatic 
conversion. If said conversion is slower in the presence of said sample under otherwise 
identical conditions, said sample is an inhibitor of said conversion. Progress of said enzymatic 
conversion may be followed by consumption of 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate, 
formation of isopentenyl diphosphate and/or dimethylallyl diphosphate, or consumption of said 
reducing agent. If a redox protein is used as said reducing agent, consumption of a component 
of said system capable of recycling the reduced form of said redox protein may be followed. If 
flavodoxin reductase/NAD(P)H is used as said recycling system, consumption of NAD(P)H is 
used. Alternatively, formation of NAD(P) + may be followed. Consumption or formation of 1- 
hydroxy-2-methyl-(E)-butenyl 4-diphosphate, isopentenyl diphosphate and dimethylallyl 
diphosphate may be quantitated by HPLC combined with a uv-absorbance detector or, 
preferably, a scintillation detector. Consumption of NAD(P)H or formation of NAD(P) + may be 
followed photometrically around 340 nm. 

Said conversion may be followed continuously or in intervals. Alternatively, the reaction may be 
run for a predetermined period of time of e.g several minutes, stopped after said predetermined 
period of time, and then analysed by one of the methods mentioned above. HPLC analysis is 
most suited to follow the conversion in intervals by taking HPLC samples at predefined intervals 
from the reaction mixture or for a final analysis after the reaction has been stopped. The 
reaction may be stopped after a predetermined period of time. This period of time may e.g. be 
between 1 minute to 1 hour, preferably 2 minutes to 1 5 minutes. For continuously following said 
conversion, the characteristic 340 nm absorbance of NADH is preferably made use of. 
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The assay of the invention may be performed at low scale, i.e. with a small number of samples 
to be tested. The assay of the invention may also be performed on a large scale, i.e. with many 
samples to be tested. Said assay can easily be automated such that many samples can be 
assayed in parallel. Using the assay of the invention, high-throughput screening for inhibitors of 
said enzymatic conversion can be carried out. If many samples to be tested are analysed in 
parallel, the assay are preferably carried out in multi-well plates like 24-, 96- or 256-well plates 
and the reactions are preferably followed photometrically at 340 nm. On a multi-well plate, one 
or a small number of wells where said conversion is followed in the absence of a sample to be 
tested may be sufficient, whereas in the majority of wells said conversion is followed in the 
presence of different samples to be tested. 

Samples to be tested for inhibition of said conversion may e.g. be specifically selected 
compounds surmised to be inhibitors like substrate analogues. For making full use of the 
potential of the invention, large collections of compounds are screened like combinatorial 
libraries. Such libraries may be peptide libraries or other libraries of organic chemical 
compounds. Many such libraries are commercially available. 

Typically, a sample tested positive in the assay of the invention is then validated. Validation 
may comprise testing a sample that was tested positive in the assay of the invention for 
inhibition of flavodoxin reductase or for inhibition of electron shuttling from NAD(P)H to 
flavodoxin. This may e.g. be done by using an artificial unspecific reductant like a viologen (e.g. 
methylviologen) or a deazaflavin derivative/light instead of the flavodoxin/flavodoxin reductase 
system. A positive sample preferably inhibits said 1-hydroxy-2-methyl-(E)-butenyl 4- 
diphosphate reductase also if tested with said artificial unspecific reductant. 

An inhibitor of 1-hydroxy-2-methyl-(E)-butenyl 4-diphosphate reductase identified using the 
assay of the invention may be used as or developed to a drug for combatting organisms having 
the non-mevalonate isoprenoid pathway, notably bacteria or Plasmodium. Since humans do not 
have said pathway, drugs may be developed having little side-effects in humans. An inhibitor 
found in the assay of the invention may of course be optimised for use as a drug. Thus, such 
an Inhibitor may function as a lead compound (or lead structure) for developing 
pharmaceuticals. Said optimisation may comprise exchange or addition of chemical groups for 
adjusting the pharmacokinetic and pharmacodynamic properties of such an inhibitor or lead 
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compound. Said optimisation may be performed by known methods of medicinal chemistry and 
pharmacology. 



EXAMPLES 

Example 1 

Cloning and expression of the ispHgene of Escherichia coli as maltose binding fusion protein 
(MalE/lspH) 

The ispH gene of E. coli (formerly designated lytB; GenBank accession number AY062212) is 
amplified by PCR using chromosomal E. coli DNA as template and the oligonucleotides lytBvo 
and lytBhi (Table 1)as primers. The amplificate is purified, treated with the restriction enzymes 
BamHI and Pstl, and ligated into the expression vector pMALC2 (New England Biolabs) which 
has been treated with the same enzymes. The resulting plasmid pMALispH is 
electrotransformed into the E. coli strain B ER2566 (New England Biolabs, 21) affording the 
recombinant strain BL21-pMALispH, respectively. 

Example 2 

Production of E. coli cell mass 

The E. coli strain BL21-pMALispH, respectively is grown in minimal medium M9 (22) using a 2 
I fermenter (BioFlo3000, New Brunswick Scientific). The autoclaved culture medium containing 
sodium D,L-lactate (1.3 g/l) is cooled to 37 °C. Ampicillin (180 mg/l), FeCI3 (30 mg/l), MgCI2 
(375 mg/l) and CaCI2 (225 mg/i) are added and the pH was adjusted to 7.0. The medium is 
inoculated with an overnight culture of the recombinant E. coli strain at a ratio of 1:100. The 
cultures are incubated at 37 °C with variable agitation of 300-1 000 rpm, and the pH is adjusted 
to 7.0 at regular intervals by addition of 6 M hydrochloric acid. The relative oxygen saturation is 
maintained at 30% via the stirrer speed. After reaching an oxygen saturation of 30 %, sodium 
D.L-lactate, ammonium chloride and ammonium sulfate (1.3 : 0.1 : 0.05 (w/w)) are added 
continuously between a range of 30.5 and 50.0 % oxygen saturation by a pulse feed program. 
At an optical density (600 nm) of 20. IPTG is added to a final concentration of 1.5 mM, and 
incubation is continued for 4 h. Cells are harvested by centrifugation, washed with 0.9 (w/v) 
sodium chloride and stored at -20 °C. 
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Example 3 

Purification of recombinant MalE/lspH fusion protein 

Frozen cell mass (3.5 g) E. coli BL21-pMALispH is thawed in 35 ml of 50 mM Tris- 
hydrochloride, pH 8.0, containing 0.2 M sodium chloride (buffer A). The suspension is subjected 
to ultrasonic treatment and centrifuged. The supernatant is applied to a column of amylose 
resin FF (Amersham Pharmacia Biotech; column volume, 22 ml) which has been equilibrated 
with buffer A at a flow rate of 3 ml/min. The column is washed with 200 ml of buffer A. The 
column is then developed with a gradient of 0-10 mM maltose in 150 ml of buffer A. The 
retention volume of MalE/lspH fusion protein is 40 ml. Fractions are combined and dialyzed 
overnight against 100 mM Tris hydrochloride, pH 8.0, containing 1 mM DTT. The solution is 
concentrated by ultrafiltration and stored at -80 °C. 

Example 4 

Cloning and expression of the f1dA gene of Escherichia coli 

The f1dA gene of E. coli (GenBank accession number AE005246) specifying flavodoxin 1 is 
amplified from by position 7191 to 7721 by PCR using chromosomal E. coli DNA as template 
and the oligonucleotides fldAvo and fldAhi (Table 1) as primers. The amplificate is purified, 
treated with the restriction enzymes BamHI and Pstl, and ligated into the expression vector 
PQE30 (Qiagen, Hilden, Germany) which has been treated with the same enzymes. The 
resulting plasmid pQEfldA is electrotransformed into E. coli strain XL1-Blue (Stratagene, 
Bullock et al., 1978) affording the recombinant strain XL1-pQEfldA. 

Example 5 

Cloning and expression of the fpr gene of Escherichia coli 

The fpr gene of E. coli (GenBank accession number AE005623) specifying ferredoxin 
(flavodoxin):NADP + oxidoreductase is amplified from by position 5082 to 5828 by PCR using 
chromosomal E. coli DNA as template and the oligonucleotides fprvo and fprhi (Table 1) as 
primers. The amplificate is purified, treated with the restriction enzymes BamHI and Pstl, and 
ligated into the expression vector pQE30 (Qiagen, Hilden, Germany) which has been treated 
with the same enzymes. The resulting plasmid pQEfpr is electrotransformed into E. coli strain 
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XL1-Blue affording the recombinant strain XL1 pQEfpr. 
Example 6 

Purification of recombinant fiavodoxin (FldA protein) 

The recombinant E. coli strain XL1 -pQEfldA is grown in Luria-Bertani broth containing ampicillin 
(180 mg/l) and riboflavin (1 mg/l). Cultures are incubated at 37 °C with shaking. At an optical 
density (600 nm) of 0.7, IPTG is added to a final concentration of 2 mM, and the culture is 
incubated for 5 h. The cells are harvested by centrifugation, washed with 100 mM Tris 
hydrochloride, pH 8.0, and stored at -20 °C. 

Frozen cell mass (8 g) is thawed in 40 ml of 100 mM Tris hydrochloride, pH 8.0, containing 0.5 
M sodium chloride and 20 mM imidazole hydrochloride. The suspension is subjected to 
ultrasonic treatment and centrifuged. The supernatant is applied to a column of Ni-chelating 
Sepharose FF (2.0 x 2 cm, Amersham Pharmacia Biotech) which has been equilibrated with 
100 mM Tris hydrochloride, pH 8.0, containing 0.5 M sodium chloride and 20 mM imidazole 
(flow rate, 2 ml/min). The column is washed with 50 ml of 100 mM Tris hydrochloride, pH 8.0, 
containing 0.5 M sodium chloride and 20 mM imidazole and is then developed with a gradient 
of 20 - 100 mM imidazole in 20 ml of 100 mM Tris hydrochloride, pH 8.0, followed by a gradient 
of 100 - 500 mM imidazole in 100 mM Tris hydrochloride, pH 8.0, containing 0.5 M sodium 
chloride (total volume, 120 ml). Fractions containing fiavodoxin are combined, concentrated by 
ultrafiltration and dialyzed overnight against 100 mM Tris hydrochloride, pH 8.0, containing 5 
mM DTT and 0.02 % sodium azide. 

Example 7 

Purification of recombinant fiavodoxin reductase (Fpr protein) 

The recombinant E. coli strain XL1 -pQEfpr is grown in Luria-Bertani broth containing ampicillin 
(180 mg/l) and riboflavin (1 mg/l). Cultures are incubated at 37 °C with shaking. At an optical 
density (600 nm) of 0.7, IPTG was added to a final concentration of 2 mM, and the culture is 
incubated for 5 h. The cells are harvested by centrifugation, washed with 100 mM Tris 
hydrochloride, pH 8.0, and stored at -20 °C. 

Frozen cell mass (8 g) is thawed in 40 ml of 100 mM Tris hydrochloride, pH 8.0, containing 0.5 
M sodium chloride and 20 mM imidazole hydrochloride. The suspension is subjected to 
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ultrasonic treatment and centrifuged. The supernatant is applied to a column of Ni-chelating 
Sepharose FF (2.0 x 2 cm, Amersham Pharmacia Biotech) which has been equilibrated with 
100 mM Tris hydrochloride, pH 8.0, containing 0.5 M sodium chloride and 20 mM imidazole 
(flow rate, 2 ml/min). The column is washed with 50 ml of 100 mM Tris hydrochloride, pH 8.0, 
containing 0.5 M sodium chloride and 20 mM imidazole and is then developed with a gradient 
of 20 - 100 mM imidazole in 20 ml of 100 mM Tris-hydrochloride, pH 8.0, followed by a gradient 
of 100 - 500 mM imidazole in 100 mM Tris hydrochloride, pH 8.0, containing 0.5 M sodium 
chloride (total volume, 120 ml). Fractions containing ferredoxin (flavodoxin):NADP + 
oxidoreductase are combined, concentrated by ultrafiltration and dialyzed overnight against 1 00 
mM Tris hydrochloride, pH 8.0, containing 5 mM DTT and 0.02 % sodium azide. 

Example 8 

Radiochemical assays of 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate reductase (IspH 
protein) activity. 



Assay mixtures contain 50 mM Tris hydrochloride, pH 8.0, 2 mM DTT, 5.3 uM [1- 3 H]-1-hydroxy- 
2-methyl-(E)-butenyl diphosphate (86 pCi/pmol), 2 mM NADPH, 54 pg of flavodoxin (FldA 
protein), 45 pg of flavodoxin reductase (Fpr protein), and 50 pg of MalE/lspH fusion protein in 
a volume of 150 pi. The mixture is incubated at 37 °C for 1 h under aerobic conditions. The 
reaction is terminated by addition of 10 pi of 30 % (w/v) trichloroacetic acid followed by 
immediate neutralization with 20 pi of 1 M sodium hydroxide. The mixtures are centrifuged and 
the supernatants are analyzed by reversed-phase HPLC using a Luna C8 column (5 pm, 4 x 
250 mm, Phenomenex). The column is developed with 10 ml of 3 % (v/v) methanol in 10 mM 
tetra-n-butylammonium phosphate, pH 6.0 followed by a linear gradient of 2 ml of 3 - 21 % (v/v) 
methanol in 10 mM tetra-n-butylammonium phosphate, pH 6.0, a linear gradient of 1 3 ml of 21 - 
35 % (v/v) methanol in 10 mM tetra-n-butylammonium phosphate, pH 6.0, a linear gradient of 
10 ml of 35 - 49 % (v/v) methanol in 10 mM tetra-n-butylammonium phosphate, pH 6.0 and a 
linear gradient of 5 ml of 49 - 56 % (v/v) methanol in 10 mM tetra-n-butylammonium phosphate, 
pH 6.0, at a flow rate of 1 ml/min. The effluent is monitored by online liquid scintillation analysis 
(Beta-RAM, Biostep GmbH, Jahnsdorf, Germany). The retention volumes of 1-hydroxy-2- 
methyl-(E)-butenyl 4-diphosphate 6 is 25 ml. IPP (7) and DMAPP (8) are both eluted at a 
retention volume of 36 ml. 
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Example 9 

Photometric assay of 1 -hydrox-2-methy!-2-(E)-butenyl 4-diphosphate reductase (IspH protein) 
activity 

Assay mixtures contain 50 mM Tris hydrochloride, pH 8.0, 0.5 mM DTT, 0.4 mM NADPH, 0.2 
mM 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate, 100 ug flavodoxin, 80 pg flavodoxin 
reductase and 50 pg IspH protein in a total volume of 1 ml. The mixtures are incubated at 37 
°C The oxidation of NADPH is monitored photometrically at 340 nm. Alternatively the 
concentration of NADPH is determined by measuring the relative fluorescence of NADPH at 
340 nm excitation/460 nm emission. 

Example 10 

Radiochemical assays of 1-hydroxy-2-methyl-2-(£)-butenyl 4-diphosphate reductase activity 

All steps are carried out under anaerobic conditions. Assay mixtures contain 50 mM Tris 
hydrochloride, pH 8.0, 7.5 mM DTT, 1.5 mM CoCI 2 , 5.3 pM [1- 3 H]-1-hydroxy-2-methyl-2-(f)- 
butenyl 4-diphosphate (86 uCi pmol 1 ) and protein in a volume of 200 pi. A solution (20 pi) of 
2.6 mM 10-methyl-5-deazaisoalloxazine in dimethylsulfoxide is added, and the mixture is 
irradiated with a W mercury pressure lamp which is placed at a distance of 15 cm. During 
irradiation, the sample is cooled on ice. The reaction is terminated by adding 30 % (g/v) 
trichloracetic acid followed by immediate neutralization with 1 M sodium hydroxide. The assay 
mixtures are centrifuged. The supernatants are subjected to ultrafiltration (nanosep 100 kDa, 
Pall Gelman) and analyzed by reversed-phase ion-pair HPLC using a Luna C8 column (4 x 250 
mm, 5 pm, Phenomenex) which is developed with 15 ml of 10 mM tetra-n-butylammonium 
phosphate, pH 6.0 followed by a linear gradient of 45 ml of 0 - 42 % (v/v) methanol in 10 mM 
tetra-n-butylammonium phosphate, pH 6.0, at a flow rate of 0.75 ml min\ The effluent is 
monitored by online liquid scintillation analysis (Beta-RAM, Biostep GmbH, Jahnsdorf, 
Germany). The retention volume of 6 is 48 ml. IPP (7) and DMAPP (8) are both eluted at a 
retention volume of 66 ml. This assay is repeated in the presence of a sample to be tested for 
inhibition of said enzymatic conversion. 
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Table 1 . Used oligonucleotides used herein. 



Designation 


5'-Sequence-3* 


lytBvo 


TGGAGGGGATCCATGCAGATCCTGTTGGCCACC 


lytBhi 


GCATTTCTGCAGAACTTAGGC 


fldAvo 


GTCAGTGGATCCATGGCTATCACTGGCATCTTTTTCG 


fldAhi 


G GAGCTCTGCAGTCAGGCATTG AGAATTTCG 


fprvo 


GGTCTGGGATCCATGGCTGATTGGGTAACAGGC 


fprhi 


GTTCAG CTGCAGTTACCAGTAATG CTCCGC 
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